PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
B31F 1/20 



Al 



(11) International Publication Number: WO 99/47347 

(43) International Publication Date: 23 September 1999 (23.09.99) 



(21) International Application Number: PCT/US99/05031 

(22) International Filing Date: 8 March 1999 (08.03.99) 



(30) Priority Data: 
60/078,464 



18 March 1998 (18.03.98) 



US 



(71) Applicant (for all designated States except US): UNITED 

CONTAINER MACHINERY, INC. [US/US]; 5200 Glen 
Arm Road, Glen Arm, MD 21057 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): AGRONIN, Michael, L. 
[US/US]; 12100 Long Lake Drive, Owings Mills, MD21117 
(US). 

(74) Agents: YERKESON, Douglas, A. et al.; Biebel & French, 35 
East First Street, Dayton, OH 45402 (US). 



(81) Designated States: AL, AM, AT, AU, AZ BA BB BG BR 
BY, CA, CH, CN, CU, CZ, DE. DK, BB, ES. ¥1, GB, GE," 
GH. GM. HR, HU, ID, IL, IS. JP, KE. KG, KP, KR. KZ 
LC, LK, LR, LS. LT, LU, LV, MD, MO, MK, MN, MW, 
MX. NO, NZ, PL, PT, RO, RU, SD. SE. SG, SI. SK, SL, 
TJ, TM, TR, TT, UA, UG, US. UZ. VN. YU. ZW, ARIPO 
patent (GH, GM, KE, LS. MW, SD, SL, SZ, UG ZW) 
Eurasian patent (AM, AZ, BY, KG, KZ. MD, RU, TJ, TM)' 
European patent (AT, BE. CH, CY, DE, DK, ES, FL FR,' 
GB, GR. IE. IT. LU, MC, NL, PT, SE). OAPI patent (BF 
BJ, CF, CG, CI, CM, GA, GN, GW. ML, MR, NE, SN 
TD, TG). 



Published 

With international search report. 



(54) Title: LENGTHWISE WEB CORRUGATOR 




(57) Abstract 



A method I and apparatus for forming machine duection flutes within a continuous web is disclosed. The aDDararus inclutte. « fw 
formmg curve (34) in a first plane (30) including engagement points which deform the web (16). TrJ ^HLi™ cSSuS^mnSno 
ndg« and grooves (22). A second forming curve (32) in a second plane (28) include, engagement pSr£ te wK 
second plane ,s d>sposed parallel to the first plane. Each of the engagement points of the second forn£ ™ is aTsSefw^h „n^f 

of^X nf' JT? f° f ^ f0nnin ? CUrVC - 11,6 diMnce ° f 11,6 ? ath « travel for ««* PoimTs sub^dally S S £ disttn« 
of each path of travel for the adjacent point The paths of travel converge in a direction from the second formine c^rve tow»^ 
formmg curve to define a three-dimensional forming surface (11) which forms the web into three dimtnsions 



Copied from 09629834 on 05/23/2005 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify State* party to the PCT on the front page* of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cote d'rvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


n 


Finland 


LT 


FR 


France 


LU 


GA 


Gabon 


LV 


GB 


United Kingdom 


MC 


GE 


Georgia 


MD 


GH 


Ghana 


MG 


GN 


Guinea 


MK 


GR 


Greece 




HU 


Hungary 


ML 


IE 


Ireland 


MN 


IL 


Israel 


MR 


IS 


Iceland 


MW 


IT 


Italy 


MX 


JP 


Japan 


NE 


KB 


Kenya 


NL 


KG 


Kyrgyzttan 


NO 


KP 


Democratic People's 


NZ 




Republic of Korea 


PL 


KR 


Republic of Korea 


PT 


KZ 


Kazakstan 


RO 


LC 


Saint Lucia 


RU 


U 


Liechtenstein 


SD 


LK 


Sri Lanka 


SE 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZYV 


Zimbabwe 



Copied from 09629834 on 05/23/2005 



PCT/US99/05031 

LENGTHWISE WEB CORRUGATOR 

Background of the Invention 
1- Field of the Invention 

5 The present invention relates to a method and apparatus for forming 

flutes or pleats in a web and, more particularly, to a method and apparatus for 
forming flutes or pleats longitudinally, or in the machine-direction, in a moving web. 

2. Description of the Prior Art 

10 While the invention described herein could be used for any web 

material, it is particularly useful for the manufacture of corrugated paperboard. 

Continuous sheets of paperboard are traditionally formed in the 
machine direction wherein the paper fibers tend to lie parallel to the direction of flow 
through the paper machine. In other words, the majority of paper fibers within a web 

15 of paperboard are aligned along the length of the web, i.e., in the machine direction. 
Paper is therefore noh-isotropic, having significantly greater crush strength in the 
machine direction as opposed to the perpendicular cross-machine direction. 

Conventional corrugated paperboard is manufactured with flutes 
extending in the weaker cross-machine direction. In other words, flutes are formed 

20 extending in the widthwise, or cross-machine, direction of the paperboard web. 

More particularly, the paperboard is fluted by passing the paperboard between a pair 
of corrugating rolls having intermeshing teeth oriented in the cross-machine 
direction, or perpendicular to the direction of travel of the web. The intermeshing 
teeth form flutes within the paperboard web wherein the flutes extend in the cross- 

25 machine direction. While the flutes add strength in the cross-machine direction, as 
noted above, the paper is inherently stronger in the machine direction. Therefore, the 
strength added by the flutes does not build upon the inherent strength of the 
paperboard. Thus, the maximum potential crush strength of the paperboard is not 
realized. 

30 Traditionally, increased paperboard crush strength has been obtained 

by increasing the fiber content of the paperboard. The fiber content of the 
paperboard is increased by adding to the amount of pulp which is utilized in the 
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process of fabricating the paperboard. Thus, the consumption of raw materials is 
significantly increased as the need for stronger paperboard arises. It may be 
appreciated that if flutes could be formed in the machine direction, a corrugated box 
manufactured from the resultant paperboard web would have greater crush strength 
5 without requiring an increase in paperboard thickness. Alternatively, thinner 

paperboard could be used to create a corrugated box with the same crush strength as 
a corrugated box utilizing much heavier paperboard, thereby reducing the relative 
consumption of energy and raw materials. 

Numerous methods and apparatuses for forming flutes in the machine 

10 direction of a continuous web have been proposed. While some of these methods 
and apparatuses have identified that various points along the width of the web will 
necessarily follow path lengths of different values as the flutes are formed, none have 
been successful in providing a machine direction corrugator which effectively 
equalizes these varying path lengths. Failure to adequately equalize the path lengths 

1 5 of different points across the width of the web will cause significant strain on the 
web, often resulting in the ripping or tearing of the web as it is conveyed through the 
corrugator. Such problems due to unequal path lengths increase dramatically with 
webs having substantial unfluted widths, since points located near the center of the 
web will traditionally have significantly different path lengths than points located 

20 near the opposing side edges of the web. 

Accordingly, there is a need for a method and apparatus for forming 
machine direction flutes within a web and which provides a forming surface which 
substantially equalizes the travel of all points across the width of the web as it travels 
through the apparatus. 

25 

Summary of fop. Invention 
The present invention comprises a method and apparatus for fluting a 
web in the machine direction. The apparatus includes a first, or exit, forming curve 
disposed within a first, or exit, plane and including a plurality of engagement points 
30 adapted to contact and deform the web as the web travels in a direction downstream 
through the first plane. The first forming curve includes an arc length extending 
between opposing side edges of the l&. yVsecond, or entrance, forming curve is 
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disposed within a second, or entrance, plane and includes a plurality of engagement 
points adapted to contact and deform the web as it travels in a direction downstream 
through the second plane. The second plane is disposed substantially parallel to and 
upstream in spaced relation from the first plane. The second forming curve includes 
5 an arc length extending between the opposing side edges of the web wherein the arc 
length of the first forming curve is substantially equal to the arc length of the second 
forming curve. The engagement points of the second forming curve are associated 
with corresponding engagement points of the first forming curve thereby defining an 
associated pair of engagement points. The engagement points defining any one 

10 associated pair are positioned at substantially the same arc length distance from a 
center of each respective first and second forming curves. 

Each associated pair of engagement points defines a path of travel of a 
surface point of the web between the first and second forming curves wherein the 
surface point is positioned at a location in the cross-machine direction of the web. 

1 5 The length of each path of travel is substantially equal to the length of each adjacent 
path of travel. The paths of travel converge in a direction from the second forming 
curve towards the first forming curve. 

A three dimensional forming surface includes entrance and exit ends 
defined by the first and second forming curves. Cross-sections taken along the 

20 forming surface and parallel to the first and second forming curves result in 

intermediate forming curves, each forming curve having an arc length substantially 
equal to the cross-machine width of the unfluted web. Each of the intermediate 
forming curves intersects the paths of travel formed between the first and second 
forming curves. Engagement points of the forming curves constrain the upper and 

25 lower surfaces of the web to conform to the forming surface as the web travels 
downstream from the second forming curve to the first forming curve. 

The second forming curve is a function of the unfluted width of the 
web, a maximum height of the second forming curve and a take-up factor. The take- 
up factor is a function of the unfluted width of the web and the fluted width of the 

30 web. In the preferred embodiment, a plurality of elongated forming members extend 
along at least some of the paths of travel and provide at least some of the engagement 
points adapted to contact the web. A pair of cooperating rolls including intermeshing 
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circumferentially disposed alternating ridges and grooves are positioned downstream 
from the second plane and are driven in motion thereby pulling the web through the 
apparatus. 

The method of the present invention includes the steps of providing a 
continuous web of material having an initial unfluted width and providing a forming 
device including entrance and exit ends defining entrance and exit forming curves. 
The web is conveyed through the forming device from the entrance end toward the 
exit end thereby causing the web to conform to the entrance forming curve at the 
entrance end and causing the web to conform to the exit forming curve at the exit 
end. Each point along the width of the web is constrained to travel along a path of 
travel between the entrance and the exit forming curves wherein a length of the path 
of travel for each point along the width of the web is substantially equal to a length 
of any other path of travel. The plurality of paths of travel combine to define a three 
dimensional forming surface. 

1 5 Therefore, it is an object of the present invention to provide a method 

and apparatus for fluting a web of material. 

It is a further object of the present invention to provide such a method 
and apparatus for forming flutes in the direction of travel of the web. 

It is another object of the present invention to provide a method and 
20 apparatus for producing a corrugated paperboard which is stronger, per weight, than 
conventional corrugated paperboard. 

It is still yet another object of the present invention to provide a 
method and apparatus for achieving substantially equal travel of all points across the 
width of the web as the web passes through the apparatus. 
25 11 is a further object of the present invention to provide a method and 

apparatus for constraining a moving web to follow a three dimensional surface such 
that all points across the width of the web follow the same path length as flutes are 
formed within the web. 

It is another object of the present invention to provide a method and 
30 apparatus which may be used to flute, in the machine direction, corrugated 
paperboard having a substantial width, e.g., at least forty inches. 

Other ob.iects,and advantages of the invention will be apparent from 
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the following description, the accompanying drawings and the appended claims. 

Brief Description of the Drawing s 
Fig. 1 is a perspective view, in partial schematic, illustrating the 
5 properties of first and second forming curves of the preferred embodiment of the 
invention; 

Fig. 2 is a schematic view of the properties of the entrance forming 
curve of the invention; 

Fig. 3 is a perspective view, in partial schematic, illustrating the 
1 0 properties of an intermediate forming curve of the invention; 

Fig. 4 is a schematic view of successive cross-sections taken along the 
right half of the forming surface of Fig. 1 and progressing from the entrance plane to 
the exit plane; 

Fig. 5 is a side elevational view of the web as constrained by the 
15 forming surface of the invention; 

Fig. 6 is a top plan view of Fig. 5; 

Fig. 7 is a perspective view of a first embodiment of the apparatus of 

the invention; 

Fig. 8 is a perspective view of a second embodiment of the apparatus 
20 of the invention; 

Fig. 9 is a cross-sectional view taken along 9-9 of Fig. 8; 
Fig. 10 is a perspective view of a third embodiment of the apparatus 
of the invention; and 

Fig. 1 1 is a cross-sectional view taken along line 1 1-1 1 of Fig. 10. 

25 

Detailed Descri ption of the. Preferred Ernhnriimpnt 

Term Definitions 

The following provides a list of terms and their associated definitions 
as used in the remainder of the description of the present invention. 

30 Sn 1116 P 3111 of travel of a point on the web traveling through the 

corrugator. 
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s Length of vector s n 

L Distance between parallel first and second forming planes. 
q n The endpoint of vector s„ on the second forming plane. 

p n The endpoint of vector s„ on the first forming plane. 

5 p n The projection of point p n onto the second forming plane. 

w The cross-machine width of the unfluted web. 

dw The distance between adjacent points q n and q n+] on the 

second forming plane. 

f The cross-machine width of the fluted web. 

1 0 df The distance between adjacent points p n and p n+1 on the first 

forming plane, defined as (dw/t). 

t The take-up factor, defined as (w/f) which is equivalent to 

(dw/df). 

C The second forming curve in the second forming plane defined 
15 by the locus of points q n . 

h The maximum height of the second forming curve C. 

d The distance from q n to p n+1 on me second forming plane. 

m Number of flutes across the fluted web. 
P The line segment in the first forming plane defined by the 
20 locus of points p n . 

F The first forming curve in the first forming plane 
corresponding to the fluted cross-section of the web. 

D n An intermediate forming curve in an intermediate forming 
plane disposed between the first and second forming planes. 

25 r n The point formed by the intersection of a path of travel s„ and 
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an intermediate forming curve D„. 

6 The arc length between adjacent points 

» P n 311(1 Qn+i » Pn+i on of ^ forming curves F, D and C. 

<J> Converging angle of the opposing side edges of the web at the 
5 second forming plane, defined as arctan (h/L). 

Mathematical Derivation of the Forming Surface 

Referring initially to Fig. 1, the corrugator 10 of the present invention 
includes a three dimensional forming surface 1 1 which extends between substantially 

10 parallel first, or exit, and second, or entrance, forming planes 12 and 14. The 

forming surface 1 1 is adapted to contact a paperboard web 16 as the web 16 is pulled 
through the corrugator 1 0 wherein the web 1 6 includes an unfluted portion 1 6a 
upstream of the second forming plane 14 and a fluted portion 16b downstream of the 
first forming plane 12. The first and second planes 12 and 14 are proximate exit and 

1 5 entrance ends of the corrugator 1 0 and are spaced apart from each other by a distance 
L. 

In the first plane 12, the surface 1 1 forms a first, or exit, forming 
curve F which is fluted and includes a plurality of alternating forming ridges, or 
forming flutes 18, and forming grooves 20 corresponding to a cross-section of a 

20 fluted portion 1 6a of the web 1 6. In other words, each forming flute 1 8 of the curve 
F is associated with at least one web flute 22 of the fluted portion 16b of the web 16. 
The first forming curve F includes an arc length extending between opposing side 
edges 24 and 26 of the web 16 wherein the arc length of the forming curve F is 
substantially equivalent to the arc length of the fluted web 16b. 

25 The first forming curve F intersects a line P at a plurality of exit 

points p n which preferably comprise a first plurality of exit engagement points 

positioned on the tips of the forming flutes 1 8 adapted to contact and deform the web 
16 as the web 16 travels in a longitudinal direction through the corrugator 10. In the 
second plane 14, the surface 1 1 forms a second, or entrance, forming curve C which 
30 is unfluted. The arc length of the second forming curve C extends between side 
edges 24 and 26 of the web 16 and is substantially equal to the width w of the 



Copied from 09629834 on 05/23/2005 



WO 99/47347 PCT/US99/05031 

-8- 

unfluted web portion 1 6a. 

The second forming curve C is defined by a locus of entrance points 
q n which preferably comprise a plurality of entrance engagement points for 
contacting and deforming the web 16 as it enters the corrugator 10. The entrance 
5 points q n are preferably equally spaced a distance dw apart along the arc length w of 

the curve C. In order to reduce the resultant strain in the web 1 6 as the web 1 6 is 
fluted, the arc lengths of the first and second forming curves F and C are defined as 
being substantially equal. In other words, the arc lengths of the forming curves F and 
C are substantially equal to the width w of the unfluted web 16a, such that strain on 
1 0 the web 1 6 as it follows the contour of the forming curves F and C is substantially 
reduced if not eliminated. 

For every point q n on the second forming curve C, there is an 

associated point p n in the first forming plane 12 thereby defining an associated pair 

of points q n , p n . Each point p n in the first forming plane 12 is preferably spaced a 

15 distance df from each adjacent point p^, , and all points p n preferably line in a straight 
line P extending across the width of the web 16 between opposing side edges 24 and 
26. If the distance between adjacent exit points p n and p n+ ,df is selected as the 

distance between flutes 16, then each point p n will lie on the tip of a forming flute 

18. Each associated pair of points p n , q n defines a path of travel, represented by 

20 vector s„ in Fig. 1 . The path of travel s„ extends from p n to q n and has a length s. 
The length s is defined as the equal path length constraint, wherein: 
0) q n - Pn = s n ; and 



(2) \sJ= s for all n. 
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By arbitrarily selecting the location of one point q 0 on second 

forming curve C, the remainder of the points q n can be determined from the equal 

path length constraint s. If it is assumed that the second forming curve C is convex, 
symmetrically disposed about the y axis, and has a maximum height of h, then the 
5 location of the entrance point q 0 which is the apex of the second forming curve C, is 
defined as: 

(3) q Q = (0, h, 0) 

The location of p 0 as follows: 

(4) Po = (0, 0, L) 

1 0 A11 of the exit points p n in the first forming plane 12 are defined to lie 

along line P of height 0 above the x axis. The value of the path length s and the 

locations of projected point P 0 , exit point p, , and projected point p,' may 

therefore be calculated as follows: 



(5) s = p 0 - q = VD 



2 , U 2 



+ h' 



Po" % 

15 (6) P 0 ' = p 0 - (0, 0, L) = (0, 0, 0) 

(7) P, = P 0 + (df, 0, 0) = (df, 0, L) 

(8) p,' = p, - (0, 0, L) = (df, 0, 0) 

The task now is to locate the entrance point q, . First, the distance 
from entrance point q, to projected point p, must be determined. The distance 
20 from exit point p, to projected point p, is by definition the distance L between the 
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first and second planes 12 and 14. Since the distance between the associated pair of 
points q, , p l is the length s of the path of travel s n , and the vector (q, - p,' j is 

perpendicular to the vector (p,' - p",) , the distance from q, to Pj must be the 

height h of the second forming curve C. It is also known by definition that the 
5 distance from point q 0 to adjacent point q, is dw. Finally, calculating the distance 

from point q Q to projected point p, on the second plane: 



(9) 



% " Pi 



= |(0, h, 0) - (df, 0, 0)| = Vdf 2 + h 2 = d 



Turning now to Fig. 2, three sides of a triangle are known and 
trigonometry may be utilized to find the angle from the x axis to entrance point q, 

1 0 The angle a may be found from the formula: 

(10) a = 2 arctan (B/ (A-dw)); where 

(11) A = '/ 2 (d + dw + h);and 



(12) B . ^A-dXA-dwXA-h) 

The angle P may then be found as follows: 
15 (13) ft = arctan (q 0 y /(p",'* - O), 



where the x and y superscripts in equation (1 3) indicate the x and y components of 
their respective vectors. Finally, 
(14) 6 = p-a 

O 5 ) q, = P, +(hcos(6),hsin(e),0) 

20 The same formulas as described in detail above may be used to find 

adjacent point q 2 from point q, , and so on, for all engagement points q n wherein 
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n=0 to (w/2dw). In other words, each point q n may be found by reference to an 
adjacent point q,., . This will generate points 5 n for half the second forming curve 
C, which is symmetric about the y axis. It should be noted that accuracy of the 
second forming curve C is improved if the distance dw between adjacent points q" n is 

5 very small. The value of dw should preferably be no larger than (m/w) where, as 
stated above, m is the number of flutes 16 across the first forming curve F, and w is 
the cross-machine width of the unfluted web 20. 

Further note that the shape of the second forming curve C is 
dependent on the values of the unfluted web width w, the distance dw between 
10 adjacent points q n on the second forming curve C, the take-up factor t (which defines 

df), and height of the second forming curve h, but is not dependent on the distance L 
between the first and second planes 12 and 14. The take-up factor t is defined as the 
ratio of the width w of the unfluted web portion 16a over the width f of the fluted 
web portion 16b. The take-up factor t is also equal to the ratio of the distance dw 
15 between adjacent points q n on the second forming curve C and the distance df 

between adjacent points p" n on the first forming curve F as defined by the equation: 
(16) t = (w/f) = (dw/df) 

Note that h is the only arbitrarily-selected parameter in detennining the shape of the 

second forming curve C. If the selected value for h is too small, the resultant curve C 
20 will loop in on itself and h must be increased. However, there is no maximum value 

for the height h of second forming curve C. 

Referring now to Figs. 1 and 3, the three dimensional flute forming 

surface 1 1 extending between the first and second forming curves F and C is 

preferably constructed in the following manner. The first forming curve F with the 
25 fluted cross-section is superimposed onto the line P defined by the locus of exit 

points p n . Line P preferably intersects the first forming curve F at the flute tips p n . 

As noted above, the arc length of the first forming curve F must be substantially 
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equal to the width w of the unfluted web portion 16a in order to avoid unacceptable 
strain on the web 16. 

As illustrated in Fig. 3, one or more intermediate forming planes 27 
are aligned parallel to and intermediate the first and second forming planes 12 and 
5 14. An intermediate forming curve D n is defined by initially selecting one of the 
intermediate forming planes 27. The paths of travel s„ are then identified as 
provided above. Next, points r„ , which are the intersections of the paths s n and the 
intermediate plane 27, are determined. The intermediate forming curve D„ is defined 
as a fluted curve having a frequency such that the points r „ intersect the curve D„ at 

1 0 regular intervals, preferably at the flute tips, and having an amplitude such that the 
arc length 6 of each flute 18' is substantially equal to (w/m), wherein w equals the 
width w of the unfluted web 16a and m equals the number of flutes 22 across the 
width f of the fluted web 16b. In other words, the overall length of intermediate 
forming curve D„ is substantially equal to that of first forming curve F and second 

15 forming curve C. 

The forming surface 1 1 is defined by the locus of first and second 
forming curves F and C in combination with intermediate forming curves D„ spaced 
at appropriate intervals. It may be appreciated that with the greater the number of 
intermediate forming curves D„ selected between first and second forming curves F 

20 and C, then the accuracy of the forming surface 1 1 increases. In other words, 

equalization of the path lengths s and arc lengths of the forming curves improve with 
the greater the number of forming curves D n selected. 

Fig. 4 shows an x-y plane view of cross-sections through the right half 
of the forming surface progressing from the second plane 14 to the first plane 12 of 

25 Fig. 1 . As illustrated, the successive cross-sections comprise a plurality of parallel 
intermediate forming planes 27, each plane 27 including a two dimensional forming 
curve D D gradually progressing from the shape of the second forming curve C to the 
shape of the first forming curve F. The successive forming curves D„ include 
progressively increasing depths of alternating grooves 18 interspaced between 

30 alternating flutes 1 6. While only two intermediate forming curves D, and D 2 are 
illustrated in Fig. 3, this ir-o.wav.lirojts.the scope of the j^ention and any number 
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of intermediate forming curves D„ may be positioned intermediate the first and 
second forming curves F and C. 

As detailed above, it is essential that the arc length of each successive 
forming curve C, D„ and F be substantially equal in order to reduce the strain on the 
5 web 20. Further, once flutes 1 6 are defined on a forming curve D n , then the number 
m of total flutes 16 must remain consistent on each successive downstream forming 
curve D n and F. While the drawing figures illustrate a substantially sinusoidal shaped 
curve F, it may be appreciated that other shapes of the curve F may be utilized with 
the method and apparatus of the present invention, including substantially square or 

10 trapezoidal shaped curves. 

Referring now to Figs. 5 and 6, the values selected for h and L will 
define the plane of travel of the web 16, since once the web flutes 22 are formed 
thereby increasing the rigidity or stiffness of the fluted web portion 16b, the exiting 
fluted web portion 16b should travel in as straight a path as possible to avoid 

1 5 permanent damage to or creasing of the web 1 6 due to sharp bending motions. The 
web flutes 22 are converging as they approach the first plane 12 from the second 
plane 14, as shown in the x-z plane view in Fig. 5. 

After passing plane 12 the flutes 22 become parallel, and they must 
turn an angle c|>, causing some strain on the web. L and h should be selected to 

20 minimize <b as required for the material being fluted. If the value of h is such that the 
outermost edges of the second forming curve C have a height of zero, as in Fig. 5, 
then the maximum converging angle <J>, at the outside edges of the web 20, will be 
equal to the arctangent of the ratio of the height h of the second forming curve C and 
the distance L between the first and second planes 12 and 14: 

25 (17) (J) = arctan (h/L) 

Note that if L is zero, the flute forming will occur entirely in the second plane 14, and 
the fluted web 20 will continue traveling in the -y direction. In such a case, $ can be 
reduced by making h very large. 

As may be appreciated from the above derivation of the forming 

30 surface 1 1 , it is critical for the proper formation of longitudinal or machine direction 
flutes 22 that strain on the web 16 be minimized. The present invention provides a 
three dimensional forming surface 1 1 which effectively eliminates this strain by 
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requiring that the points across the width of the web 16 travel a substantially equal 
distance from the second forming curve F to the first forming curve C. The forming 
surface 1 1 is also constructed to require that the first and second forming curves C 
and F, as well as any intermediate forming curves D, to have substantially equivalent 
5 arc lengths extending between the opposing side edges 24 and 26 of the web 16. In 
other words, the forming surface 1 1 accounts for the gradually deepening forming 
flutes 1 8 and grooves 20 as the paperboard web 1 6 travels from the second curve C 
to the first curve F while simultaneously accounting for the reduction in width of the 
web 1 6 from an unfluted width w to a fluted width f . 

10 11 sh ould be noted that the exit and entrance points p n and q n need 

not comprise the exit and entrance engagement points of the first and second curves F 
and C. As detailed hereinbelow, the exit and entrance engagement points are 
positioned on the first and second curves F and C, respectively, and therefore possess 
the same properties as the exit and entrance points p n and q n . 

1 5 14 should be further noted that the path length constraint s is ideally 

equal for all path of travel vectors s„. However, given that paper typically tears at 
approximately 5% strain, the values of s for each vector s„ may vary by up to 

approximately 5% without significantly damaging the paper web. Further, the axe 
lengths of each adjacent forming curve C, D n and F may likewise vary by 

20 approximately 5%. It should be noted that the possible variance of path length s and 
arc length of forrning curves C, D„ and F may vary depending upon the resilient 
properties of the particular web 16 being fluted. 
Mechanical embodiment of the forming surface 

The corrugator 10 of the present invention may constrain the web 16 

25 to follow the shape of the forming surface 1 1 by any one of a wide variety of means. 
Points lying along the first, second and intermediate forming curves F, C and D n are 
selected as engagement points for engaging and conforming the web 1 6 to the 
approximate shape of the respective curves F, C and D„. These engagement points 
may comprise points p n , q n and r n or any other combination of points lying along 
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respective forming curves F, C and D„ as defined by points p n , q n and r n . 

In a first embodiment as illustrated in Fig. 7, a die assembly 29 
includes entrance and exit dies 28 and 30 which are disposed in parallel relationship 
with each other. Each die 28 and 30 includes a slot 32 and 40 for receiving and 
5 deforming the web 16. A conveyor preferably comprising a pair of cooperating rolls 
36 and 38 and supporting a conveyor die is disposed downstream from the dies 28 
and 30. The conveyor die preferably comprises intermeshing alternating ridges 40 
and grooves 42 formed within the outer surface of the rolls 36 and 38. The 
cooperating rolls 36 and 38 are driven in motion thereby pulling the web 16 through 

1 0 the dies 28 and 30 as supplied from a source of material 44. 

The slot of the entrance die 28 is preferably in the shape of the second 
forming curve C. The plurality of intermeshing ridges 40 and grooves 42 on the 
cooperating pulling rolls 36 and 38 are substantially identical to the forming ridges 
1 8 and grooves 20 of the first forming curve F. The slot 34 in the second die 30 is in 

15 the shape of an intermediate curve D n . As the web 1 6 is pulled in the direction of 
arrow 46, the web flutes 22 gradually deepen as the two dimensional curves D n of the 
forming surface 1 1 flattens. The flutes 22 in the web 16 reach their full depth at the 
forming surface F which is preferably defined by the pulling rolls 36 and 38. 

While a pair of dies 28 and 30 are illustrated in Fig. 7, it may be 

20 appreciated that at least one intermediate die could be positioned between the dies 28 
and 30 wherein the intermediate die includes a slot in the shape of a second 
intermediate curve D n . A plurality of such intermediate dies could be combined to 
form a continuous die assembly for forming the web 16. 

Figs. 8 and 9 illustrate a second embodiment of the corrugator 10 of 

25 the present invention, wherein the die assembly 29 includes a plurality of wheel 
assemblies 48 which are disposed successively in a downstream direction as 
indicated by arrow 46. Each wheel assembly 48 is spaced from each adjacent wheel 
assembly 48. Once again, a pair of circumferentially fluted driven pulling rolls 36 
and 38 disposed downstream of the wheel assemblies 48. As described above, the 

30 circumferentially fluted rolls 36 and 38 intermesh to define the shape of the first 
forming curve F. The wheel assembly 48a disposed in a furthest upstream position 
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defines a shape of the second forming curve C. The wheel assemblies 48b and 48c 
are arranged intermediate the wheel assembly 48a and the cooperating rolls 36 and 38 
and define intermediate curves D„ and D 2 . 

As illustrated in Fig. 9, each wheel assembly 48 includes an upper 
5 cross support member 50 and a lower cross support member 52, each supporting a 
plurality of arms 54. A wheel 56 is rotatably supported on each arm 54 and arranged 
so as to define an engagement point of respective forming curves C, D„, F. As the 
web 16 is pulled through the successive wheel assemblies 48, the flutes 22 are 
formed longitudinally, or in the machine direction, within the web 16 as detailed 
1 0 above. 

Turning now to Figs. 10 and 1 1, a third embodiment of the die 
assembly 29 of the corrugator 10 of the present invention is illustrated as including a 
plurality of die bars or rods 58 extending between entrance and exit die supports 60 
and 62. Each die support 60 and 62 includes an upper die block 64 and a lower die 

1 5 block 66, the die blocks 64 and 66 supporting upper and lower sets 68 and 70 of the 
rods 58 arranged in a manner to define the forming surface 1 1 . The pair of 
circumferentially fluted pulling rolls 36 and 38 are disposed downstream from the die 
supports 60 and 62 and cooperate to define the shape of the first forming curve F as 
described above. The rods 58 proximate the entrance die support 60 cooperate to 

20 define the second forming curve C. As illustrated in Fig. 1 1 , the upper and lower sets 
68 and 70 of rods 58 intermediate the die supports 60 and 62 define intermediate 
forming curves D n gradually changing shape from the second forming curve C to the 
first forming curve F as the rods 58 progress from the first die support 60 to the rolls 
58. 

25 7116 rods 58 mav be ^ or bowed intermediate the dies supports 60 

and 62 as needed to ensure that each engagement point along the length of the rods 
58 intersects an appropriate point along each successive intermediate forming curve 
D„. The method of calculating the points r n in order to ensure that the arc length of 
each intermediate forming curve D n is substantially equal and that the length s of 

30 each path of travel vector i n is substantially equal is described above in greater 
detail. 



-.1: 
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In the above described embodiments of the comigator 1 0 of the 
present invention, the forming surface 1 1 initially constrains the web 16 to form 
flutes or undulations in the web 16 corresponding to an intermediate forming curve 
D„. The web 16 is then transported downstream through the rolls 36 and 38 where 
5 the web 1 6 is formed into the final fluted portion 1 6b corresponding to the shape of 
forming curve F. However, the forming surface 1 1 may form flutes or undulations in 
the web 16 corresponding to the forming curve F wherein the rolls 36 and 38 are 
positioned downstream of curve F. Further, as noted above, the shape of the 
alternating ridges 40 and grooves 42 on the rolls 36 and 38 may be of a different 

1 0 shape than that of a cross-section of the forming surface 11. For example, the die 
assembly 29 may comprise substantially sinusoidal forming curves D„, while the 
cooperating rolls 36 and 38 may comprise a square or trapezoidal forming curve F as 
long as the arc length of the curve defined by the rolls 36 and 38 is substantially the 
same as the upstream forming curves C and D„. 

1 5 Many web materials, such as paper, will form more easily with the 

application of heat and moisture. The corrugator 10 of the present invention may 
therefore include means for heating and moistening the web. For example, the dies 
or wheels may be heated, or an external source of heat may radiate through the dies 
or wheels. Referring again to Fig. 10, the die rods 58 may include internal chambers 

20 72 communicating with a fluid source (not shown). Apertures 74 may be provided in 
fluid communication with the chambers 72 for releasing air, steam, or other similar 
fluids to create a hydrodynamic or fluid bearing 76 intermediate the surface of the die 
rods 58 and the web 16. Such a fluid bearing 76 substantially reduces the force 
required to pull the web 16 through the die rods 58, as well as providing heat and 

25 moisture to facilitate flute formation. It is also envisioned that the wheels of Fig. 7 
may be driven in motion to reduce the frictional forces acting against the web 16. 

The method and apparatus of the present invention provides a forming 
surface which substantially equalizes the paths of travel of each point along the width 
of a moving web 1 6 while simultaneously ensuring a constant arc length of each 

30 successive forming curve. As such, the method and apparatus of the present 

invention may be utilized with webs of virtually any width for the formation of flutes 
having any of a wide variety of cross-sectional shapes. 
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While the method herein described, and the forms of apparatus for 
carrying this method into effect, constitute preferred embodiments of this invention, 
it is to be understood that the invention is not limited to these precise methods and 
forms of apparatus, and that changes may be made in either without departing from 
5 the scope of the invention, which is defined in the appended claims. 
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- CLAiMS- 

1 • An apparatus for fluting a web having opposing side edges, an initial 

unfluted cross-machine width extending between said side edges, and a final fluted 
cross-machine width extending between said side edges, said apparatus comprising: 
a first forming curve disposed within a first plane and including a first 
5 plurality of engagement points adapted to contact and deform said web as said web 
travels in a longitudinal direction downstream through said first plane, said first 
forming curve including an arc length extending between said opposing side edges of 
said web; 

a second forming curve disposed within a second plane and including 
1 0 a second plurality of engagement points adapted to contact and deform said web as 
said web travels in said longitudinal direction downstream through said second plane, 
said second plane being disposed substantially parallel to and upstream in said 
longitudinal direction from said first plane, said second forming curve including an 
arc length extending between said opposing side edges of said web, said arc length of 
1 5 said first forming curve being substantially equal to said arc length of said second 
forming curve; 

said engagement points of said second forming curve being associated 
with corresponding ones of said engagement points of said first forming curve 
thereby defining associated pairs of engagement points; and 
20 wherein said associated pairs of engagement points define paths of 

travel of surface points of said web between said first and second forming curves, at 
locations between said opposite side edges of said web, the length of each said path 
of travel being substantially equal to the length of each adjacent said path of travel. 

2. The apparatus of claim 1 wherein each said associated pair of 
engagement points contacts a substantially identical said surface point across said 
width of said web as said web travels downstream from said second forming curve to 
said first forming curve. 

3. The apparatus of claim 1 wherein said paths of travel converge in a 
direction from said second forming curve towards said first forming curve. 
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4 - The apparatus of claim 3 wherein said paths of travel combine to form 

, said web into three dimensions between said second plane and said first plane. 

5. The apparatus of claim 4 wherein said paths of travel define a three- 
dimensional forming surface extending between said first and second planes. 

6. The apparatus of claim 1 wherein: 

each said path of travel has a length within approximately 5 percent of 
a length of each adjacent said path of travel; and 

said arc length of said second forming curve is within approximately 
5 5 percent of said arc length of said first forming curve. 

7. The apparatus of claim 1 further comprising a plurality of elongated 
forming members extending along at least some of said paths of travel and providing 
said engagement points of at least one of said first and second forming curves. 

8. The apparatus of claim 1 further comprising at least first and second 
dies providing said engagement points of at least one of said first and second forming 
curves, each of said dies including a slot for receiving the web. 

9. The apparatus of claim 1 further comprising at least first and second 
arrays of rotatably mounted wheels providing said engagement points of at least one 
of said first and second forming curves. 

10. The apparatus of claim 1 further comprising a pair of cooperating 
rolls including intermeshing circumferentially disposed alternating ridges and 
grooves, said rolls positioned downstream from said second plane. 

1 1 ■ The apparatus of claim 1 0 wherein said pair of cooperating rolls 

define said first forming curve. 
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12. The apparatus of claim 1 wherein said second forming curve is a 
function of said unfluted width of said web, a maximum height of said second 
forming curve and a take-up factor, said take-up factor being a function of said 
unfluted width of the web and said fluted width of said web. 

13. An apparatus for fluting a web of material including opposing side 
edges, an initial cross-machine unfluted width between said side edges, and a final 
cross-machine fluted width between said side edges, said apparatus comprising: 

an entrance end adapted for receiving said web; 
5 an exit end positioned downstream along a longitudinal axis from said 

entrance end and adapted for receiving said web; 

a three-dimensional forming surface defined between said entrance 
end and said exit end and adapted for forming flutes in said web as said web is 
conveyed from said entrance end to said exit end in contact with said forming 
10 surface; 

an exit forming curve defined by a cross-section of said forming 
surface proximate said exit end and including a plurality of ridges and grooves 
formed by a locus of exit points, said exit forming curve extending within two 
dimensions in an exit forming plane; 

1 5 an entrance forming curve defined by a cross-section of said forming 

surface proximate said entrance end and formed by a locus of entrance points, said 
entrance forming curve extending within two dimensions in an entrance plane 
disposed substantially parallel to and in spaced relation from said exit plane, said 
entrance points associated with corresponding ones of said exit points thereby 

20 defining a plurality of associated pairs of points; and 

wherein said associated pairs of points define paths of travel of 
surface points of said web between said entrance forming curve and said exit forming 
curve, the length of each path of travel being substantially equal to the length of each 
adjacent said path of travel and greater than a distance along said longitudinal axis 

25 between said entrance plane and said exit plane. 
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14. The apparatus of claim 13 wherein said entrance curve is a function of 
, said unfluted width of said web, a maximum height of said entrance forming curve 

and a take-up factor, said take-up factor being a function of said unfluted width of 
5 said web and said fluted width of said web. 

15. . The apparatus of claim 13 wherein: 

successive parallel cross-sections of said forming surface taken 
progressively from said entrance plane to said exit plane comprise a plurality of two 
dimensional intermediate forming curves gradually progressing from the shape of 
5 said entrance curve to the shape of said exit curve, each said intermediate forming 
curve defined by a locus of points disposed on said paths of travel connecting said 
associated pairs of points; and 

each said forming curve has an arc length extending between said 
opposing side edges of said web, said arc length of each said forming curve being 
1 0 . substantially equal to said arc length of each adjacent said forming curve. 

1 6. The apparatus of claim 1 3 wherein each said path of travel has a 
length within approximately 5 percent of a length of each adjacent said path of travel. 

1 7. The apparatus of claim 1 3 further comprising a pair of cooperating 
rolls including intermeshing circumferentially disposed alternating ridges and 
grooves, said rolls positioned downstream of said entrance plane. 

18. An apparatus for forming a fluted web of material having opposing 
side edges and a width between said side edges, said apparatus comprising: 

a plurality of flute forming curves successively arranged in a 
longitudinal direction, each said forming curve extending in two dimensions within a 
5 forming plane and having an arc length between said opposing side edges of said 
web; 

each of said forming planes disposed substantially parallel and in 
spaced relation to each adjacent said forming plane; 

said arc length of each said forming curve substantially equal to said 
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10 arc length of each adjacent said forming curve; 

a plurality of points defining each said curve, said points of one said 
curve associated with corresponding ones of said points of every other said curve to 
define a plurality of sets of associated points; and 

wherein each said set of associated points are interconnected to define 
1 5 a path of travel of a surface point of said web, each said path of travel having a length 
substantially equal to a length of every other said path of travel. 

19. The apparatus of claim 1 8 wherein a first one of said forming curves 
includes a plurality of alternating grooves and ridges corresponding to a cross-section 
of a fluted web. 

20. The apparatus of claim 1 9 wherein said successive ones of said 
forming curves taken in a direction toward said first one of said forming curves 
include progressively increasing depths of alternating grooves interspaced between 
alternating ridges. 



2 1 . The apparatus of claim 1 8 wherein each said path of travel has a 

length within approximately 5 percent of a length of each adjacent said path of travel. 

22 - An apparatus for forming a fluted web, said apparatus comprising: 

a forming device including a plurality of engagement points adapted 
for contacting a web traveling between first and second planes, said plurality of 
points positioned along first and second forming curves extending in two dimensions 

5 within said first and second planes; 

a first forming curve disposed within said first plane and including a 
plurality of said engagement points adapted to contact said web traveling through 
said first plane, said first forming curve including a plurality of alternating ridges and 
grooves corresponding to a cross-section of a fluted web; 

0 a second forming curve disposed within said second plane and 

including a plurality of said engagement points adapted to contact said web, said 
second plane disposed^ubstantially parallel to and upstream from said first plane, 
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said engagement points of said second curve being associated with corresponding 
ones of said engagement points of said first curve thereby defining associated pairs of 
15 engagement points; 

wherein said associated pairs of engagement points define paths of 
travel of surface points of said web between said first and second forming curves, 
said surface points positioned at spaced locations in the cross-machine direction of 
said web, the length of each said path of travel being substantially equal to the length 
20 of each adjacent said path of travel; and 

a conveyor disposed downstream of said forming device for pulling 
said web through said first and second planes. 

23 . The apparatus of claim 22 further comprising a die supported on said 
conveyor for completing flute formation in said fluted web. 

24. The apparatus of claim 23 wherein said conveyor comprises a pair of 
cooperating rolls including intermeshing circumferentially disposed alternating 
ridges and grooves. 

25 . The apparatus of claim 22 further comprising a heater in thermal 
communication with said forming device for transferring heat to said web. 

26. The apparatus of claim 22 further comprising at least one fluid 
chamber in fluid communication with said forming device for providing a fluid 
bearing between at least one of said engagement points and said web. 

27. The apparatus of claim 26 wherein said fluid comprises steam. 

28. The apparatus of claim 22 further comprising a plurality of elongated 
forming members extending along at least some of said paths of travel and providing 
said engagement points of at least one of said first and second forming curves. 
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29. The apparatus of claim 22 further comprising at least first and second 
dies providing said engagement points of at least one of said forming curves, each of 
said dies including a slot for receiving the web. 

30. The apparatus of claim 22 further comprising at least first and second 
arrays of rotatably mounted wheels providing said engagement points of at least one 
of said forming curves. 



31. A method of forming a fluted web, said method comprising the steps 
of: 

providing a continuous web of material having opposing side edges 
and an initial unfluted width between said side edges; 
5 providing a forming device including entrance and exit ends defining 

entrance and exit forming curves, said entrance and exit forming curves extending 
within entrance and exit forming planes and having entrance and exit arc lengths 
between said opposing side edges of said web, said entrance plane disposed 
substantially parallel to said exit plane; 
10 conveying said web through said forming device from said entrance 

end toward said exit end; 

causing a plurality of entrance engagement points positioned along 
said entrance forming curve to conform said web to a shape of said entrance forming 
curve at said entrance end; 
1 5 causing a plurality of exit engagement points positioned along said 

exit forming curve to conform said web to a shape of said exit forming curve at said 
exit end thereby forming a fluted web having a final fluted width; and 

constraining each point along the width of said web to travel along a 
path between said entrance and exit forming curves, a length of said path for each 
20 said point being substantially equal to a length of each adjacent said path, wherein 
said plurality of paths combine to define a three dimensional forming surface. 

32. The method of claim 3 1 wherein said entrance forming curve is a 
function of said unfluted width of said web, a maximum height of said entrance 
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fonning curve and a take-up factor, said take-up factor being a function of said initial 
unfluted width of said unfluted web and said final fluted width of said fluted web. 

33 . The method of claim 3 1 further comprising the step of providing a 
fluid film between said forming device and said web. 

34. The method of claim 3 1 further comprising the step of supporting at 
least some of said engagement points on rotatable members. 

3 5 . The method of claim 3 1 further comprising the step of equalizing each 

said path length to within 5 percent of each adjacent said path length. 

36. The method of claim 3 1 wherein said arc length of said entrance 
forming curve is substantially equal to said arc length of said exit forming curve. 

37. The method of claim 3 1 wherein said forming curves are connected 
by a plurality of elongated forming members extending between at least some of said 
associated pairs of engagement points and in substantially parallel relation to said 
paths of travel. 
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